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CLAIMS 



[Claim(s)] 

[Claim 1]In anti-friction bearing provided with two or more rolling elements allocated between an inner ring, 
an outer ring of spiral wound gasket, and said inner ring and said outer ring of spiral wound gasket enabling 
free rolling, Anti-friction bearing covering with lubricating film containing a fluorine polymer which has a 
functional group for at least one of a raceway surface of said inner ring, a raceway surface of said outer 
ring of spiral wound gasket, and rolling contact surfaces of said rolling element, and perfluoro polyether 
(PFPE). 

[Claim 2]The anti-friction bearing according to claim 1 thickness of said lubricating film being 0.3-2.0 
micrometers. 

[Claim 3]The anti-friction bearing according to claim 1 or 2, wherein at least one of a raceway surface of 
said inner ring, a raceway surface of said outer ring of spiral wound gasket, and rolling contact surfaces of 
said rolling element is provided with a hard layer. 

[Claim 4]The anti-friction bearing according to any one of claims 1 to 3 covering a portion which allocates 
a cage holding said rolling element between said inner ring and said outer ring of spiral wound gasket, and 
carries out the rolling contact to said rolling element among pockets of said cage by a coat containing a 
fluoro-resin. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention]This invention relates to the low raising dust suitably used under pure environment 
and vacuum environment, and anti-friction bearing which was excellent in endurance by low outgas, and 
relates to anti-friction bearing especially used suitably in the robot for conveyance in a semiconductor 
manufacturing device, a positioning device, etc. 
[0002] 

[Description of the Prior Art]Under pure environment and vacuum environment, when grease is used for 
lubricant of anti-friction bearing, a possibility that inconvenience, such as degradation of a lubricating 
function and contamination of an operating environment, may occur by evaporation of the oil of grease, 
scattering of the grease itself, etc. is. Therefore, under the above environment conventionally, Lubrication 
was performed by coating at least one of the portions which carry out the rolling contact to a rolling 
element among the raceway surface of an inside-and-outside ring, the rolling contact surface of a rolling 
element, and the pocket of a cage with solid lubricants, such as soft metals, such as gold, silver, and lead, 
graphite, molybdenum disulfide, in the shape of a film. 

[0003]For example, anti-friction bearing which equipped the raceway surface of the inside-and-outside ring 
with the lubricous thin film which becomes JP.H8-226446.A from the fluorine polymer which has a 
functional group is indicated. And it is indicated that it is preferred that it is 0.2 micrometer or less as for 
the thickness of this lubricous thin film. 
[0004] 

[Problem(s) to be Solved by the Invention]however, the load by a ball rolling in the coating film which 
consists of the above solid lubricants etc. — this coating film — only — every — it might exfoliate and be 
missing and raising dust might be produced. Especially the thing to apply to a nti -friction bearing used under 
environment like [ since the amount of raising dust increases under a high load condition ] anti-friction 
bearing used for a semiconductor manufacturing device etc. where particle is disliked extremely was 
difficult. 

[0005]And if exfoliation and lack of a coating film occur as mentioned above, the lubrication action in the 
part which rolls and ****s will fall. As a result, metal will contact, and since it became that it is easy to 
agglutinate or wear in said part which rolls and ****s was promoted, it also had collectively the problem 
that the life of anti-friction bearing fell. Since the fluorine polymer in which the lubricous thin film which 
becomes JP,H8-226446,A from the fluorine polymer which has a functional group of a description generally 
has a functional group has high steam pressure as compared with PFPE etc., it has the problem that there 
is much outgas. 

[0006]Although it was low raising dust as the thickness of a lubricous thin film is 0.2 micrometer or less, 
there was a problem that endurance was not enough, from lubricative shortage. In particular, under high 
planar pressure, the tendency was remarkable. Then, this invention makes it SUBJECT to provide anti- 
friction bearing solved the problem which the above conventional anti-friction bearings have, and the 
amount of raising dust and outgas excelled [ anti-friction bearing ] in endurance under [ it is low and ] high 
planar pressure under pure environment and vacuum environment. 
[0007] 

[Means for Solving the Problem]In order to solve an aforementioned problem, this invention consists of the 



http://www4ipdlJnpit.go jp/cgi^ 2010/08/06 



JP,2002-357225,A [DETAILED DESCRIPTION] 



2/9 ^— v 



following composition. Namely, in anti-friction bearing provided with two or more rolling elements in which 
anti-friction bearing of this invention was allocated between an inner ring, an outer ring of spiral wound 
gasket, and said inner ring and said outer ring of spiral wound gasket enabling free rolling, It covered with 
lubricating film containing a fluorine polymer which has a functional group for at least one of a raceway 
surface of said inner ring, a raceway surface of said outer ring of spiral wound gasket, and rolling contact 
surfaces of said rolling element, and perfluoro polyether (PFPE). 

[0008]With such composition, under pure environment and vacuum environment, the amount of raising dust 
and outgas are low, and under high planar pressure, it excels in endurance, and is long lasting. In anti- 
friction bearing of this invention, lubrication is performed by covering at least one of a raceway surface of 
said inner ring, a raceway surface of said outer ring of spiral wound gasket, and rolling contact surfaces of 
said rolling element with said lubricating film by using as lubricant lubricating film containing a fluorine 
polymer which has a functional group, and PFPE. 

[0009]Since said lubricating film contains a fluorine polymer and PFPE which have a functional group as 
mentioned above, it has mobility. Therefore, since a possibility that exfoliation and lack will arise with load 
by a rolling element rolling like coating films, such as the conventional solid lubricant, is low even when 
comparatively big load acts, The amount of raising dust can apply to anti-friction bearing used under 
environment like [ it is few and ] anti-friction bearing used for a semiconductor manufacturing device etc. 
where particle is disliked extremely. 

[0010]Since not only a fluorine polymer but PFPE is blended, it is low outgas. Therefore, it is suitable for a 
use which dislikes extremely contamination by an organic matter like especially a treatment process of a 
wafer. Even when comparatively big load acts, it will be hard to be in the state where metal contacts by 
non-lubrication in rolling of anti-friction bearing and a ****ing part, and the state where lubricant has 
always adhered to this part will be maintained. Therefore, since a possibility that agglutination and wear will 
take place in this part is low, it excels in endurance and is low raising dust. 

[001 1]Although said lubricating film in anti-friction bearing of this invention contains a fluorine polymer and 
PFPE which have a functional group as mentioned above, It is good also as the two-layer structure which 
consists of a layer of a fluorine polymer and a layer of PFPE which are what mixed said both, may form 
said lubricating film, and have a functional group. In the case of the latter, it is necessary to consider it as 
the two-layer structure which provided a layer of a fluorine polymer which has a functional group in at 
least one of a raceway surface of said inner ring, a raceway surface of said outer ring of spiral wound 
gasket, and rolling contact surfaces of said rolling element, and provided a layer of PFPE on it. Then, since 
the wettability of a lower layer fluorine polymer and the upper PFPE is good, PFPE is covered uniformly 
thinly and PFPE does not disperse easily (it is low raising dust) due to rotation of anti-friction bearing. 
Since the wettability of metal and PFPE is bad when PFPE is directly covered to a metal surface, it is 
difficult to cover PFPE uniformly. 

[001 2] Although not limited, especially thickness of said lubricating film will become better [ dusting 
characteristics and endurance ], if referred to as 0.3-2.0 micrometers. Lubricity becomes insufficient in 
less than 0.3 micrometer, and there is a possibility that a problem may arise in the endurance of anti- 
friction bearing. If it exceeds 2.0 micrometers, it will become enough [ lubricity ], but there is a possibility 
that a problem that the amount of raising dust increases may arise. 

[001 3]A hard layer may be formed in at least one of a raceway surface of said inner ring, a raceway 
surface of said outer ring of spiral wound gasket, and rolling contact surfaces of said rolling element. Then, 
abrasion resistance, seizing resistance, and attachment-proof improve, and endurance becomes better. 
Since a surface of metal which a new field exposed by wear has a catalytic operation, it may decompose 
PFPE and outgas may generate it. However, if a hard layer which consists of metallic compounds etc. is 
formed in the surface, it is hard to produce the above inconvenience and generating of outgas can be 
controlled. 

[0014]As a hard layer, a rigid film which consists of a nitrated case, DLC (diamond like carbon), TiN, ON, 
etc. is raised, for example. A cage holding said rolling element may be allocated between said inner ring and 
said outer ring of spiral wound gasket, and a portion which carries out the rolling contact to said rolling 
element among pockets of said cage may be covered by a coat containing a fluoro~resin. Then, since a 
fluoro-resin will be supplied from said coat of said cage even if said lubricating film exfoliates and is 
missing, it is hard to produce a lubricative fall and, as a result, anti-friction bearing becomes longer lasting. 
And since it is the transition lubrication from said cage, there are also few amounts of raising dust. 
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[0015] 

[Embodiment of the Invention]The embodiment of anti-friction bearing concerning this invention is 
described referring to Drawings. Drawing 1 is a fragmentary longitudinal cross-section of the ball bearing 
which is one embodiment of this invention. This ball bearing is provided with two or more balls 3 allocated 
between the inner ring 1, the outer ring of spiral wound gasket 2, and the inner ring 1 and the outer ring of 
spiral wound gasket 2 enabling free rolling, and the cage 4 which holds the ball 3 among said both wheels 1 
and 2. 

[0016]The inner ring 1, the outer ring of spiral wound gasket 2, the ball 3, and the cage 4 are constituted 
from a corrosion-resisting material by each. As a material of the inner ring 1 and the outer ring of spiral 
wound gasket 2, what performed suitable heat-of-hardening processing for martensitic stainless steel, such 
as JISSUS440C and 13Cr system stainless steel, for example, and the thing which performed surface 
hardening to precipitation-hardening-stainless-steel SUS630 and SUS31 6 are raised. 

[0017]As a material of the ball 3, cermets, such as a ceramic material and cemented carbide besides the 
same steel materials as the material of the above-mentioned inner ring 1 and the outer ring of spiral wound 
gasket 2, are raised. What makes a subject alumina (aluminum 2 0^) t silicon carbide (SiC), zirconia (ZrC^X 

etc. besides what makes silicon nitride (Si 3 N 4 ) a subject as a ceramic material is preferred. 

[0018]As a material of the cage 4, the austenitic stainless steel and the polymer material of SUS304 grade 
are raised, for example. The peripheral face 1a where such a ball bearing includes the raceway surface of 
the inner ring 1, the inner skin 2a including the raceway surface of the outer ring of spiral wound gasket 2, 
The lubricating film 6 which becomes the portion 4a (it is described as the pocket surface 4a henceforth) 
which carries out the rolling contact to the ball 3 among the rolling contact surface 3a of the ball 3 and the 
pocket of the cage 4 from the mixture of the fluorine polymer and PFPE which have a functional group is 
covered. 

[0019]As a fluorine polymer which has a functional group, a fluoropoly ether polymer and a polyfluoro alkyl 
polymer are preferred. The polymer of 1000-50000 is raised for the number average molecular weight 
which has a repeating unit shown as a fluoropoly ether polymer by the general formula (X is an integer of 
1_4) __Q^p^Q_ Jhis fluoropoly ether polymer has a functional group later mentioned to at least one 

molecular terminal. 

[0020]As a polyfluoro alkyl polymer, what is shown in following ** 1 is raised. Y of ** 1 is a functional group 

with compatibility high to metal, for example, an epoxy group, an amino group, a carboxyl group, a hydroxyl 

group, a sulfhydryl group, an isocyanate group, a sulfone group, an ester group, etc. are preferred. As a 

polyfluoro alkyl polymer, what is shown in everything [ 2 and 3 ] but ** 1, for example, **, can be used 

conveniently, 

[0021] 

[Formula 1] 

CF 3 (CF 2 )7-Y, H(CF 2 ) 6 -Y, CF Z C1 (CF 2 )n -Y 
CF 3 CF 3 CF(CF 2 ) 7 - Y, CF 2 C1CF 3 CF(CF 2 h - Y 

[0022] 
[Formula 2] 
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CeFu COOH, C 8 Fi 7 C 2 H40H, CaFi7 C2H4SH, 
C 8 Fi7C 2 H40-h(0^CH3» C 8 Fit S0 2 F, 
NCO 

C6Fi3C 2 K40CNH(CH 2 )elC0 l 
!! 
0 

0CN(CHz)6NHC(CF2)fiCNH(CH2)6NC0, 
II li 
0 0 

C6F17C2H4OCH2CH-CH2, CgPnO^/oV-SOaH, 

V 

CHz-CHCH 2 0CH2(CF2)8CH20CH2CH-CH2, 

v/ v/ 

0 0 

0 

11 

C6Fi3SCH2CH 2 OC(CH 2 )5NH2, 

C 1 0 F 21 CONHC 2 H 4 0H , C 1 0 F 21 SO 3 H , 

OCN-C 6 H3(CH3)-NHCOCF2^C 2 F40^ r (-CF20-VCF2CONH-~(CH3)C6H 3 -NCO, 
HOOC~CF 2 0-^C 2 F40 ^-(- CF2O-VCF2COOH 

[0023] 
[Formula 3] 

HOOC- CF 2 0 -f CF 2 - CF -0 -^r-f CF 2 0 CF 3 , 
I 

CF 3 

CH 3 OX~CF20-f-C2F4O^H-CF20^7 r CF2C0OCH 3 , 
H0CH 2 -CF 2 04-C2F40^f CF2 0-VCF2-CH20H, 

HO-^CH 2 -V NHCO-CF 2 0 ^C 2 F 4 0 -^r CF 2 0-VCF 2 C0NH^CH2^2-0H, 
CH2-CHCH20CH2CF20-^C2F40^rfCF20^rCFCH2OCH2CH-CH2, 

V V 

H 2 N(CH 2 ) 2 NHCOCF 2 0-^C 2 F40">r^CF20->frCF2CONH(CH2)2NH2, 

CF30-e-CF 2 ~CF-0^ Fr CF2-~C-CF 3 , 
I !! 
CF3 0 

F-eCF-CF 2 ~0^ Fr CF-C00CH 3 

1 I 
CF3 CF 3 

[0024]Since such a functional group is combined with the metal which constitutes these members when 
the lubricating film 6 is covered by the peripheral face 1a of the inner ring 1, the inner skin 2a of the outer 
ring of spiral wound gasket 2, the rolling contact surface 3a of the ball 3, and the pocket surface 4a of the 
cage 4, the lubricating film 6 strongly combined with the surface of each of said member is formed. In the 
case of the fluorine polymer which carries out two or more owners of the functional group to one molecule, 
at least one has just combined with metal before long. 

[0025]What was illustrated above may be independently used for said fluorine polymer, and it may use two 
or more sorts together. When using two or more sorts together, it is preferred to choose combination (a 
functional group should put together) of said fluorine polymer so that the functional groups may react and 
said fluorine polymer may carry out Polymer Division quantification more. If said fluorine polymer carries 
out Polymer Division quantification more, the wear~resistant outstanding lubricating film 6 can be obtained 
more. 

[0026]As an example of a fluorine polymer of having such a functional group, For example, Du Pont 
KURAITOKKUSU 157FSL, 157FSM, 157FSH, John Boleyn Z DEAL, Z DIAC, and Z DISCO by the Demnum 
denaturation article SA and SH by Daikin Industries, LTD., SY~3, SP, and AUSIMONT K.K., Z DOL, and Z 
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DOL TX2000 grade are raised. 

[0027]Although a kind in particular of PFPE is not limited, in order to stop outgas low, it is preferred to use 
what has steam pressure low as much as possible. Specifically, Du Pont KURAITOKKUSU 143AB, 143AG, 
143AD, John Boleyn YHVAC1 8/8 by AUSIMONT K.K., 25/9, 40/11,140/13, Z25, Z60, S-65 by Daikin 
Industries, LTD., S-100, and S~200 are raised. 

[0028]Next, an example of a formation method of the lubricating film 6 is explained. A ball bearing is 
assembled to a complete state, and it washes and dries by organic solvents (petroleum benzine, methanol, 
acetone, etc.). And a syringe etc. are used for a raceway surface of the inner ring 1 of a ball bearing, and a 
raceway surface of the outer ring of spiral wound gasket 2, and several drops of lubricating oils for forming 
the lubricating film 6 are poured into them. And a lubricating oil is applied to the peripheral face 1a of the 
inner ring 1, the inner skin 2a of the outer ring of spiral wound gasket 2, the rolling contact surface 3a of 
the ball 3, and the pocket surface 4a of the cage 4 by rotating a ball bearing several times. Spraying of a 
lubricating oil and immersion of a ball bearing to a lubricating oil may perform spreading of this lubricating 
oil, and a coating method in particular of said lubricating oil is not limited. 

[0029]As a lubricating oil, the Daikin Industries, LTD. make S-200 is used as PFPE, for example, What 
added Du Pont KURAITOKKUSU 157FSH 5%, and diluted this mixture with a solvent (for example, Asahi 
Kagaku Kogyo AK225) of a fluorine system to 2% is preferred as a fluorine polymer which has a functional 
group in this. Next, after carrying out ordinary temperature desiccation of the whole ball bearing which 
applied a lubricating oil, the lubricating film 6 is made to form in the peripheral face 1a of the inner ring 1, 
the inner skin 2a of the outer ring of spiral wound gasket 2, the rolling contact surface 3a of the ball 3, and 
the pocket surface 4a of the cage 4 by putting into a thermostat etc. and performing heat treatment for 30 
minutes at 100-200 **. 

[0030]Processing which forms such lubricating film 6 may be repeated several times if needed, and forms 
the lubricating film 6 in 0.3-2.0-micrometer thickness eventually, for example. This thickness can also be 
controlled by dissolved concentration to a solvent of said fluorine system of a fluorine polymer and PFPE 
which have a functional group. By such a method, the lubricating film 6 can be formed in rolling in each 
component (the inner ring 1, the outer ring of spiral wound gasket 2, the ball 3, and the cage 4) of a ball 
bearing, and a slide contact part by suitable thickness. 

[0031]If heat treatment removes a solvent as mentioned above, raising dust unnecessary at the time of 
operation of a ball bearing will not occur. In particular, raising dust and outgas in an operating environment 
can be controlled by the last heat treatment. As for a fluorine polymer which has a functional group, since 
steam pressure is generally high compared with PFPE, when a demand to outgas is severe, it is preferred 
to make quantity of a fluorine polymer and a fluorine polymer to the total quantity of PFPE into 1 - 30 
mass %. 

[0032]What diluted with a solvent of a fluorine system a fluorine polymer which has a functional group is 
covered previously, Heat with a thermostat etc. and a functional group which said fluorine polymer has is 
made to react to metal which is a base material of each of said component, It is good also considering the 
lubricating film 6 as the twoHayer structure to cover what diluted PFPE with a solvent of a fluorine system 
after that, and form [ form a layer of a fluorine polymer which has the functional group combined with 
metal, ] a layer of PFPE on a layer of a fluorine polymer which has said functional group. 
[0033]As explained above, a ball bearing of this embodiment is provided with the lubricating film 6 which 
has mobility, Since a possibility that exfoliation and lack will arise with load by a rolling element rolling like 
coating films, such as the conventional solid lubricant, is low even when comparatively big load is applied, It 
is applicable to anti-friction bearing with which the amount of raising dust is used under environment where 
particle like [ it is few and ] a nti -friction bearing used for a semiconductor manufacturing device etc. is 
disliked extremely (it contributes to improvement in the yield of a semi conductor product). 
[0034]It will be hard to be in the state where metal contacts by non-lubrication in rolling of a ball bearing 
and a ****ing part, and the state where lubricant has always adhered to this part will be maintained. 
Therefore, since a possibility that agglutination and wear will take place in this part is low, it excels in 
endurance and is low raising dust. If the hard layers 7, such as a nitrated case and a rigid film, are formed 
in the peripheral face 1a of the inner ring 1, and the inner skin 2a of the outer ring of spiral wound gasket 2 
as shown in a fragmentary longitudinal cross-section of drawing 2, abrasion resistance, seizing resistance, 
and attachment-proof will improve, and endurance will become better. Since it has a catalytic operation, 
PFPE may be decomposed, and outgas may be emitted, but the surface of metal which a new field exposed 
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by wear can control generating of outgas that it is hard to produce the above inconvenience, if a hard layer 
which consists of metallic compounds etc. is formed in the surface. This hard layer 7 may be formed in the 
rolling contact surface 3a of the ball 3, 

[0035]Although a graphic display is omitted, the pocket surface 4a of the cage 4 may be covered by a coat 
containing fluoro-resins, such as polytetrafluoroethylene resin (PTFE), instead of the lubricating film 6. 
Then, since a fluoro-resin will be supplied from said coat of the pocket surface 4a of the cage 4 even if the 
wrap lubricating film 6 exfoliates and is missing in the peripheral face 1 a of the inner ring 1 , the inner skin 
2a of the outer ring of spiral wound gasket 2, and the rolling contact surface 3a of the ball 3, it is hard to 
produce a lubricative fall and, as a result, a ball bearing becomes longer lasting. And since it is the 
transition lubrication from the cage 4, there are also few amounts of raising dust. 

[0036]If the above-mentioned hard layer 7 and this coat are combined (i.e., if the pocket surface 4a of the 
cage 4 is covered by a coat containing a fluoro~resin while forming the hard layer 7 in the peripheral face 
1a of the inner ring 1, and the inner skin 2a of the outer ring of spiral wound gasket 2), endurance can be 
raised further. Next, about a ball bearing (the bearing number 608, inside-diameter:8mm, outer- 
diameter:22mm, width: 7 mm) of the same composition as the above, various construction material of a kind 
of lubricating film, thickness of lubricating film and a kind of hard layer or existence, and a rolling element, 
etc. were changed, and endurance and dusting characteristics in a vacuum were examined. Construction 
material of an inner ring and an outer ring of spiral wound gasket is SUS440C, and construction material of 
a cage is SUS304. 

[0037]Durability test was done using a device shown in drawing 3. A ball bearing whose numerals 31 in 
drawing 3 are test pieces, and 32 the axis of rotation and 33 Bearing housing, 34 — a coil spring for load 
grant (98N), and 35 — a joint and 36 — a magnetic sealing unit and 39 show a heater, 40 shows a thermo 
couple for bearing temperature measurement, and, as for a vacuum chamber and 38, an AC servo motor 
and 37 show a dust sensor 41. 

[0038]A test condition is shown below and a test result is shown in Table 1. 

revolving speed: — 1 OOOmin" 1 axiaHoad: — 100N atmosphere: - — a vacuum (below 1 0" 4 Pa) 

Environmental temperature: A time of a vibration value of a bearing becoming twice an initial value which is 

a room temperature was evaluated as a life of the bearing. A relative value at the time of setting a life of 

the comparative example 4 to 1 shows a life shown in Table 1. 

[0039] 

[Table 1] 
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[0040]As shown in Table 1, a ball bearing of working example 1-13 had the outstanding life. As compared 
with working example 4 which is not provided with a hard layer, life of [ especially / working example 10 
which equipped a family peripheral face and inner skin of an outer ring of spiral wound gasket with a hard 
layer and working example 11 (working example 10 was provided with a rigid film which consists of DLC, 
and working example 1 1 is provided with a rigid film which consists of CrN(s)) ] is improving substantially. 
[0041 ]As compared with working example 4 which covered a pocket surface, life of working example 12 and 
1 3 which covered a pocket surface of a cage with a coat which contains PTFE instead of lubr.cat.ng film is 
improving substantially with lubricating film. In working example 12, when covering a coat containing PTFE 
with calcination to a pocket surface, polyamide imide resin was used as a binder. Polyimide resin containing 
PTFE was covered with electrodeposition in working example 1 3. In working example 1 3, although a weight 
ratio of polyimide resin and PTFE was set to 80:20, it is suitably chosen within the limits of polyimide 
resin:PTFE=90:10 - 50:50. 

[0042]The graph of drawing 4 in which correlation with the thickness of lubricating film and a lite was 
shown shows that the life is excellent, when thickness is 0.3 micrometers or more. When the range of 0.3- 
1.0 micrometer of thickness is seen, it turns out that the life is improving in proportion to thickness. To it, 
thickness was short-life in less than 0.3 micrometer, moreover variation was looked at by the life, and 
correlative was not accepted between thickness and a life. Therefore, the thickness of lubricating film is 
0.3 micrometers or more. 

[0043]Although the comparative examples 1 and 2 by which lubricating film is constituted from the tluonne 
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polymer or either of the PFPE(s) which has a functional group had enough thickness, they were inferior in 
the life. Next, a dusting-characteristics examination is explained. The dusting-characteristics examination 
was done using the bearing rotation test machine (made by NSK, Ltd.) shown in drawing 5. 
[0044]While attaching the inner ring 50a of the ball bearing 50 to the spindle shaft (product made from 
SUS440C) 51 of a bearing rotation test machine, the outer ring of spiral wound gasket 50b was fixed to the 
inner skin of the housing 52, and the housing 52 was intermittently heated to the temperature of about 60 
** with the heater 53. At this time, the axial load to the ball bearing 50 can be adjusted with the spring 55. 
[0045]And the magnetic fluid seal unit 56 is formed in the end of the spindle shaft 51, and the running 
torque of the motor 54 gets across to the spindle shaft 51 via the belt pulley 57, the belt 58, the belt pulley 
59, and the magnetic fluid seal unit 56. On the other hand, it is connected to the minute load transducer 60 
via the housing 52, therefore the outer ring of spiral wound gasket 50b of the ball bearing 50 can measure 
the torque of the ball bearing 50 now using the minute load transducer 60. 

[0046]The ball bearing 50 is surrounded by the container 61 and the septum 62, and the pars basilaris ossis 
occipitalis of the space is connected to the laser-light-scattering type particle counter 63. On the other 
hand, the air inlet 65 is established in the upper part of this surrounded space via the filter 64. And since 
an air current arises from the air inlet 65 towards the particle counter 63 by supplying pure air to the 
space surrounded by the container 61 and the septum 62 from the air inlet 65 by a predetermined flow, 
The particle counter 63 can detect now the quantity of the worn powder produced from the ball bearing 50. 

[0047]A test condition is shown below and a test result is shown in drawing 6. 
revolving speed: — 1 OOOmin" 1 axial-load: — 20N atmosphere: — vacuum (below 1 0 _4 Pa) 
Environmental temperature: It turns out that there is a tendency which becomes good [ dusting 
characteristics ] from the graph of drawing 6 in which correlation with the thickness of room temperature 
lubricating film and the amount of raising dust was shown, so that thickness is small, and the amount of 
raising dust will increase rapidly if there are few amounts of raising dust and they exceed 2.0 micrometers 
when thickness is 2.0 micrometers or less. 

[0048]From the result of such durability test and a dusting-characteristics examination, the thickness of 
lubricating film is understood that 0.3-2.0 micrometers is preferred. This embodiment shows an example of 
this invention and this invention is not limited to this embodiment. For example, in this embodiment, 
although the ball bearing was illustrated and explained as anti-friction bearing, anti-friction bearing of this 
invention is applicable to various anti-friction bearings of other kinds. For example, it is anti-friction 
bearing of thrust type, such as anti-friction bearing of radial type, such as a deep groove ball bearing, an 
angular contact ball bearing, cylindrical roller bearing, circular-cone roller bearing, needle roller bearing, and 
self-aligning roller bearing, a thrust ball bearing, thrust roller bearing. 
[0049] 

[Effect of the Invention]As explained above, anti-friction bearing of Claim 1 concerning this invention, 
Since it covered with the lubricating film containing the fluorine polymer which has a functional group for at 
least one of a family raceway surface, the raceway surface of an outer ring of spiral wound gasket, and the 
rolling contact surfaces of a rolling element, and PFPE, Under pure environment and vacuum environment, 
the amount of raising dust and outgas are low, and under high planar pressure, it excels in endurance, and 
is long lasting. 

[0050]Since anti-friction bearing of Claim 2 concerning this invention set thickness of said lubricating film 
to 0.3-2.0 micrometers, dusting characteristics and its endurance are better. Since anti-friction bearing of 
Claim 3 concerning this invention formed the hard layer in at least one of a family raceway surface, the 
raceway surface of an outer ring of spiral wound gasket, and the rolling contact surfaces of a rolling 
element, abrasion resistance, seizing resistance, and its attachment-proof improve, and its endurance is 
better. 

[0051]Since anti-friction bearing of Claim 4 concerning this invention covered the portion which carries out 
the rolling contact to a rolling element among the pockets of a cage by the coat containing a fluoro-resin, 
and a fluoro-resin is supplied from said coat even if lubricating film exfoliates and is missing, it is long 
lasting. 
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